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Abstract
Introduction Many patients presenting with acute
gastrointestinal hemorrhage (GIH) are admitted to the intensive
care unit (ICU) for monitoring. A simple triage protocol based
upon validated risk factors could decrease ICU utilization.
Methods Records of 188 patients admitted with GIH from the
emergency department (ED) were reviewed for BLEED criteria
(visualized red blood, systolic blood pressure below 100 mm
Hg, elevated prothrombin time [PT], erratic mental status, and
unstable comorbid disease) and complication within the first 24
hours of admission. Variables associated with early complication
were reassessed in 132 patients prospectively enrolled as a
validation cohort. A triage model was developed using
significant predictors.
Results We studied 188 patients in the development set and
132 in the validation set. Red blood (relative risk [RR] 4.53, 95%
confidence interval [CI] 2.04, 10.07) and elevated PT (RR 3.27,
95% CI 1.53, 7.01) were significantly associated with
complication in the development set. In the validation cohort, the
combination of red blood or unstable comorbidity had a
sensitivity of 0.73, a specificity of 0.55, a positive predictive
value of 0.24, and a negative predictive value of 0.91 for
complication within 24 hours. In simulation studies, a triage
model using these variables could reduce ICU admissions
without increasing the number of complications.
Conclusion Patients presenting to the ED with GIH who have
no evidence of ongoing bleeding or unstable comorbidities are
at low risk for complication during hospital admission. A triage
model based on these variables should be tested prospectively
to optimize critical care resource utilization in this common
condition.
Introduction
Acute gastrointestinal hemorrhage (GIH) can be caused by a
wide spectrum of lesions, including those in the upper and
lower gastrointestinal tracts. Because acute GIH can be life-
threatening in some patients, a large proportion of patients
presenting with this condition to US hospitals are admitted
and monitored in the intensive care unit (ICU) [1]. ICU admis-
sion of these patients can contribute to significant hospital
costs [2-4]. However, only 19% to 28% of patients with GIH
experience complications that require ICU interventions [5-8].
For the remaining patients, their initial episode of bleeding is
self-limited and they are stabilized in the emergency depart-
ment (ED). Consequently, costly and often scarce ICU
resources are used for stable patients. Several studies have
shown that there is a great deal of variation between hospitals
in the proportion of patients with GIH who are managed in the
ICU versus a regular medical or surgical floor [6-9]. It is likely
that availability of resources accounts for some of this practice
variation, but it remains clear that most physicians are not con-
fident about which patients presenting with GIH can be safely
managed without ICU monitoring after stabilization in the ED.
Development and implementation of a reliable method to iden-
tify patients with acute GIH who are at low risk for early
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complications would decrease ICU admissions in most hospi-
tals and could improve overall care to critically ill patients by
appropriate allocation of resources.
Several investigators have sought to define clinical variables to
identify patients with GIH who are at high risk for complication
during hospitalization. The most effective approaches involve
endoscopic assessments in the ED [10-14]. Immediate
endoscopy, however, is not feasible in the ED in most hospi-
tals. Many other approaches are specific for acute upper or
acute lower GIH [7,8,15-17], but the source of the bleed is not
always known prior to endoscopy. Kollef and colleagues
[6,18] identified the BLEED criteria: (a) ongoing Bleeding, (b)
Low systolic blood pressure (BP), (c) Elevated prothrombin
time (PT), (d) Erratic mental status, and (e) unstable comorbid
Disease as risk factors for complication of GIH at any time dur-
ing hospitalization after an initial 24 hours of stabilization. How-
ever, it is not known how well these variables predict the
likelihood of complication within the first 24 hours after admis-
sion from the ED. Determination of early risk would be neces-
sary in assessing whether patients should be admitted to an
ICU for management and monitoring versus a regular hospital
floor.
The purpose of our study was to evaluate variables from the
BLEED criteria for their ability to predict complications from
GIH within the first 24 hours of hospitalization. A further objec-
tive was to define the utility of the predictive variables for use
in a functional triage protocol for hospital admission from the
ED.
Materials and methods
This study was conducted in three phases. First, variables
were assessed in a retrospective cohort of 188 patients
(development set). Second, predictive variables were reas-
sessed using a prospective cohort of 132 patients (validation
set). Finally, the utility of the predictive variables for use in a
triage model was assessed in a simulation study using the val-
idation cohort which was compared to actual practice during
that time period. The study was conducted at the University of
North Carolina Hospitals, a 700-bed tertiary care hospital. The
University of North Carolina Institutional Review Board
reviewed and approved the study protocol.
Development set
All adult patients admitted to the hospital from the ED for GIH
from September 1998 to August 1999 were identified from
hospital databases, and their medical records were obtained
for data abstraction. Patients were excluded if they were less
than 18 years of age, if they were directly admitted from a phy-
sician's office or from another hospital, if they had a previous
diagnosis of inflammatory bowel disease, or if they were previ-
ously enrolled in the study. Data were collected using a uni-
form data sheet. Two investigators abstracted data, and 10%
of charts were reviewed to ensure inter-rater reliability.
Variables
In addition to patient demographics, the following variables
identified in the ED were recorded: presence of chronic dis-
ease, presenting symptoms, neurologic dysfunction, comor-
bidities, heart rate, BP, hematocrit, platelet count, and
coagulation studies. After discharge from the ED, admission
unit, admitting service, radiographic or endoscopic evalua-
tions, and ICU and hospital outcomes were measured.
Definitions
Consistent with previous descriptions of the BLEED criteria
[6,18], ongoing bleeding in the ED was defined as red blood
by emesis or nasogastric (NG) aspirate or hematochezia at the
time of evaluation in the ED. Low systolic BP was a systolic BP
below 100 mm Hg at any time in the ED. Elevated PT was
defined as 1.2 times the upper limit of the normal range. Erratic
mental status included syncope, confusion, or coma in the ED.
Unstable comorbid disease was defined as any condition
other than GIH which would require admission to the ICU.
Outcomes
A complication was defined as death or rebleeding in the first
24 hours of hospitalization after being admitted from the ED.
Rebleeding was defined as documentation of any hemateme-
sis, red blood per NG tube, hematochezia or melena associ-
ated with a decrease in hematocrit greater than 6%, or a
decrease in systolic BP to less than 90 mm Hg.
Validation set
All patients consecutively admitted to the hospital from the ED
with a diagnosis of GIH between August 2004 and January
2005 were prospectively identified by daily review of ED
admissions. Patient records were reviewed for the same pre-
dictor variables and outcomes as in the development set, with
the addition of Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) scores, which were calculated from the
most physiologically abnormal values obtained in the ED [19].
Three investigators abstracted data, and 20% of charts were
reviewed to ensure inter-rater reliability.
Triage simulation
A triage model for guiding admission of patients from the ED
to the hospital floor or critical care units was created. Variables
that proved to be consistently useful predictors of complica-
tions within the first 24 hours of admission in both cohorts
were used to designate patients in the validation cohort as crit-
ical care admissions or floor admissions. Critical care included
either ICU (1:2 nurse-to-patient ratio) or critical care stepdown
(1:4 nurse-to-patient ratio). Numbers of patients admitted to
critical care or floor care using the predictive variables were
compared with actual physician practice during the study peri-
ods as a resource utilization analysis, and the incidence of
complications occurring on the floor was compared in both
groups as a safety analysis.Available online http://ccforum.com/content/12/2/R57
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Statistical analysis
Descriptive statistics were expressed as mean ± standard
deviation, median (interquartile range), or percentage. Associ-
ations between BLEED variables, APACHE II score (dichot-
omized at a score of 15), and the outcome complication within
24 hours of admission were performed using chi-square tests
and expressed as risk ratios (RRs) with 95% confidence inter-
vals (CIs). Sensitivity, specificity, positive predictive value, and
negative predictive value for each variable and for combina-
tions of variables were calculated from standard 2 × 2 tables,
including 95% CIs. When specific variables were not meas-
ured, values were considered normal. All statistical analyses
were performed with STATA 8.0 software (StataCorp LP, Col-
lege Station, TX, USA).
Results
One hundred eighty-eight adults admitted to the University of
North Carolina Hospitals from the ED with GIH between Sep-
tember 1998 and August 1999 were identified from hospital
databases for the development set. One hundred thirty-two
adults were admitted to the University of North Carolina Hos-
pitals from the ED with GIH between August 2004 and Janu-
ary 2005 and followed prospectively for the validation set. The
baseline characteristics of both patient groups are shown in
Table 1. Patients in the two groups were similar in age and
gender, but a higher proportion of patients in the validation set
manifested melena or bright red blood per rectum in the ED.
For the validation set, patients spent an average of 6.9 ± 3.4
hours in the ED. Nineteen of 22 patients with hematemesis or
red blood by NG tube aspiration underwent endoscopy a
median of 8.6 (6.8 to 16.3) hours after presentation. Hospital
length of stay was 3.5 ± 4.7 days.
A total of 23 (12.2%) patients in the development set had
complications in the first 24 hours after admission from the
ED, and 22 (16.7%) patients in the validation set had compli-
cations in the first 24 hours. Three patients from the develop-
ment set (none in the first 24 hours) and 5 patients from the
validation set (2 in the first 24 hours) died during the hospital-
ization. Only two deaths from the development set and one
from the validation set were attributable to complications of
GIH.
Table 2 includes results of bivariate analyses of the develop-
ment set for the association of individual BLEED criteria with
the outcome complication within 24 hours. The presence of
red blood (hematemesis, red blood per NG tube, or red blood
per rectum) and elevated PT were significantly associated with
early complication in the development set (RR 4.53, 95% CI
2.04, 10.07, and RR 3.27, 95% CI 1.53, 7.01, respectively).
An APACHE II score of greater than 15 was evaluated in the
validation set and was not significantly associated with early
complication (RR 0.74, 95% CI 0.24 to 2.32; P = 0.608).
Table 3 compares the performance of combinations of the five
BLEED criteria for predicting complications within 24 hours
for patients in the development and validation sets. The pres-
ence of any of the five variables was analyzed for the first anal-
ysis. Subsequent analyses included fewer variables in order to
reduce the model and improve specificity. The presence of red
blood, elevated PT, or unstable comorbidity was analyzed
because of the significant association of red blood and ele-
vated PT with early complication and because the presence of
an unstable comorbidity along with GIH would likely lead to
Table 1
Patient characteristics
Development set (n = 188) Validation set (n = 132)
Age, years 64 ± 18 63 ± 16
Gender
Male 108 (57) 85 (64)
Female 80 (43) 47 (36)
Cirrhosis 19 (10) 21 (16)
End-stage renal disease 9 (5) 10 (8)
Manifestations in emergency department
Hematemesis 3 (2) 10 (8)
Red blood per nasogastric tube 20 (11) 12 (9)
'Coffee ground' emesis 25 (13) 19 (14)
Red blood per rectum 32 (17) 39 (30)
Melena 17 (9) 22 (17)
None 95 (50) 47 (36)
Values are expressed as mean ± standard deviation or number (percentage).Critical Care    Vol 12 No 2    Das et al.
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critical care admission for monitoring regardless of other risk
factors. The final model included only red blood or unstable
comorbidity, recognizing that a significant number of patients
with elevated PT would also present with red blood, and there
was likely significant overlap between the two variables. The
three combinations performed similarly with regard to sensitiv-
ity for both the development and validation sets. Specificity
was slightly lower in the validation cohort for each combina-
tion. The combination of red blood or unstable comorbidity
had the highest specificity compared with the other combina-
tions. The three combinations had similarly high negative pre-
dictive values in both cohorts.
Table 2
Risk of early complication associated with BLEED variables in the development set (n = 188)
Complication, number 
(percentage)
No complication, number 
(percentage)
Risk ratio (95% confidence 
interval)
P value
Red blood
Present 15 (27) 40 (73) 4.53 (2.04, 10.07) 0.0001
Not present 8 (6) 125 (94)
Low systolic blood pressure
Present 3 (13) 20 (87) 1.06 (0.34, 3.28) 0.92
Not present 20 (12) 142 (88)
Elevated prothrombin time
Present 7 (33) 14 (67) 3.27 (1.53, 7.01) 0.003
Not present 16 (10) 141 (90)
Erratic mental status
Present 3 (16) 16 (84) 1.28 (0.51, 3.22) 0.62
Not present 20 (12) 149 (88)
Unstable comorbid disease
Present 2 (17) 10 (83) 1.39 (0.37, 5.23) 0.63
Not present 21 (12) 154 (88)
BLEED is an acronym for ongoing Bleeding, Low systolic blood pressure, Elevated prothrombin time, Erratic mental status, and unstable comorbid 
Disease.
Table 3
Performance of models in predicting complications within 24 hours of admission from the emergency department
Sensitivity (95% CI) Specificity (95% CI) Positive predictive value 
(95% CI)
Negative predictive value 
(95% CI)
Meets at least one BLEED criterion
Development, n = 96 (51%) 0.83 (0.67, 0.98) 0.53 (0.46, 0.61) 0.20 (0.12, 0.28) 0.96 (0.91, 1.0)
Validation, n = 84 (63%) 0.77 (0.60, 0.95) 0.39 (0.30, 0.48) 0.20 (0.12, 0.29) 0.90 (0.81, 0.98)
Red blood or unstable comorbidity 
or elevated prothrombin time
Development, n = 71 (40%) 0.74 (0.56, 0.92) 0.65 (0.57, 0.92) 0.24 (0.14, 0.34) 0.94 (0.90, 0.99)
Validation, n = 71 (55%) 0.73 (0.62, 0.82) 0.48 (0.43, 0.53) 0.23 (0.17, 0.27) 0.89 (0.85, 0.94)
Red blood or unstable comorbidity
Development, n = 63 (34%) 0.70 (0.51, 0.88) 0.71 (0.64, 0.78) 0.25 (0.15, 0.36) 0.94 (0.90, 0.98)
Validation, n = 66 (50%) 0.73 (0.54, 0.91) 0.55 (0.45, 0.64) 0.24 (0.14, 0.35) 0.91 (0.84, 0.98)
BLEED is an acronym for ongoing Bleeding in the emergency department (red blood per nasogastric tube, hematochezia, or red blood per 
rectum), Low systolic blood pressure, Elevated prothrombin time, Erratic mental status, and unstable comorbid Disease. CI, confidence interval.Available online http://ccforum.com/content/12/2/R57
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Figure 1 uses likelihood ratios to show the probability of com-
plication according to the presence or absence of the risk fac-
tors. Risk is plotted relative to prevalence of complications
according to published series [5-8]. The low-risk group has no
red blood or unstable comorbidity in the ED and the high-risk
group has one of these risks present. These risk factors distin-
guish clearly between high-risk and low-risk groups.
A triage model for admitting patients from the ED to the hospi-
tal floor or critical care units was created using combinations
of risk factors. The presence of risk factors in the ED would
designate a patient as high risk for complication within 24
hours of hospital admission. Based on the model, high-risk
patients would be admitted to a critical care floor for monitor-
ing and further management. Low-risk patients could be admit-
ted to the hospital floor. The actual number of patients who
were admitted to different levels of care as part of usual care
was compared with admission decisions that would have been
made using the triage model. The incidence of complications
occurring in patients at each level of care was also compared
(Table 4). Compared with actual physician practice, a triage
model using the presence of any of the BLEED criteria would
result in an increase in the number of patients admitted to crit-
ical care units (84 versus 76) without any reduction in the
number of patients experiencing early complication on the
floor. The combination of red blood or unstable comorbidity
would result in fewer critical care admissions than usual care
(66 versus 76) with no increase in the number of floor patients
who experience complications (6 in both models).
Discussion
The results of this study indicate that, of the previously pub-
lished BLEED criteria, ongoing bleeding (as indicated by the
presence of red blood in the ED in the form of hematemesis,
red blood per NG tube, or hematochezia) and elevated PT are
the most strongly associated with complication within the first
24 hours of hospital admission. In the absence of either of
these variables, patients who would otherwise not require ICU
admission due to other comorbidities could potentially be
admitted to a regular hospital or surgical ward for observation
and further diagnostic testing. Because of significant overlap
between patients with ongoing bleeding and elevated PT, a
triage model based upon the presence of ongoing bleeding or
unstable comorbidity could result in the fewest critical care
admissions without any increase in the number of patients
experiencing complications on the medical or surgical ward.
These data indicate that the majority of patients with symp-
toms of GIH do not have signs of active bleeding when they
present to the ED. Furthermore, they are very unlikely to have
recurrence of hemorrhage or other complications, especially
after resuscitation with intravenous fluids, red blood cell trans-
fusions, and correction of coagulopathy in the ED. Critical care
resources should be reserved for patients who need interven-
tions to stop active bleeding or for management of other per-
sistent organ failures that occur as a result of the GIH. This
triage model provides an objective measure that could help to
identify these two groups of patients. The model is very simple
and would be easy to implement in most ED settings.
The primary outcome in the study by Kollef and colleagues that
originally defined the BLEED criteria was complication 'occur-
Figure 1
Probability of complication within 24 hours for patients designated as high risk (presence of red blood by emesis or nasogastric aspirate or hemato- chezia in emergency department and/or unstable comorbidity) or low risk (neither risk factor), plotted by prevalence of complication in a given patient  population Probability of complication within 24 hours for patients designated as high risk (presence of red blood by emesis or nasogastric aspirate or hemato-
chezia in emergency department and/or unstable comorbidity) or low risk (neither risk factor), plotted by prevalence of complication in a given patient 
population. LR, likelihood ratio.Critical Care    Vol 12 No 2    Das et al.
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ring after a period of 24 hours of stabilization during which
time no evidence of active bleeding was observed' [6]. How-
ever, when using risk criteria at the time of hospital admission
to decide where a patient should be initially managed, evi-
dence of instability within the initial 24 hours is most impor-
tant. It is highly unlikely that a patient monitored in an ICU for
24 hours who has no evidence of instability during that period
would remain in the ICU for subsequent days. Therefore, our
primary outcome of interest was complication during the first
24 hours of admission from the ED. While our average time in
the ED was 6.9 ± 3.4 hours, almost all patients spent at least
2 hours in the ED for resuscitation. Similar to Kollef and col-
leagues [6,18], we used rebleeding as our primary outcome
signifying instability. Rebleeding does not always require ICU
care, but bleeding associated with hemodynamic instability or
a notable change in hematocrit typically leads to critical care
admission in most settings. Our criterion for a significant epi-
sode of rebleeding was more stringent than that of Kollef and
colleagues. In our study, patients had to demonstrate evidence
of rebleeding associated with a systolic BP of less than 90 mm
Hg or a decrease in hematocrit of at least 6.0% (as opposed
to 3.0% in the study of Kollef and colleagues). We chose this
criterion because smaller levels of blood loss could be man-
aged outside of a critical care unit if not associated with hemo-
dynamic compromise, and we wanted to better account for
hemodilution that resulted from infusions of crystalloids during
resuscitation in the ED.
The triage variables in the study were analyzed in a cohort
identified retrospectively and reanalyzed in a subsequent
cohort that was identified and followed prospectively. Specifi-
cities for the predictive models were lower in the validation
cohort, possibly due to more effective detection of complica-
tions in patients followed prospectively. However, negative
predictive values remained high, and the triage model simula-
tion illustrates that there would be no increase in complica-
tions on the floor using this model compared with usual care.
Figure 1 illustrates that the triage model distinguishes well
between patients at high risk and low risk for complication.
When stringent criteria are used to define complication,
reflecting complications that would result in ICU admission,
the prevalence rate is lower and the resulting number of
patients experiencing a serious complication on the floor
would be low.
It would be ideal to develop a triage model with both higher
sensitivity and higher specificity than usual care to optimize
resource utilization and minimize risk. However, it is difficult to
achieve both objectives with a simple functional model. Other
prediction models for complication from GIH which require
calculation of APACHE II scores in the ED have been pub-
lished [5,20]. In our study, APACHE II was not predictive of
complication within the first 24 hours. In addition, reliable cal-
culation of APACHE II scores is likely to be cumbersome in
most busy EDs, and the problem of inter-rater reliability would
require constant training and retraining of personnel. A shock
index (heart rate/systolic BP) has been used in one model to
assess risk for active bleeding in patients who required angi-
ograms when bleeding persisted despite endoscopy [21]. In
our more heterogeneous cohort, the shock index was not
predictive of complication within the first 24 hours. Other var-
iables such as heart rate or initial hemoglobin level did not per-
form as well as the BLEED criteria. Protocols that involve
endoscopy in the ED would be the most effective method of
assessment for triage decisions [10,11], but this is not a
resource that is available to all EDs, particularly at night.
This study was performed in a single institution with a relatively
small sample size and thus may not be able to be generalized
to other hospitals. However, this study builds on work by Kollef
and colleagues [6] which validated the BLEED criteria in two
different teaching hospitals. Interestingly, ongoing bleeding
was the only variable that was a significant predictor of com-
plication in both of the hospitals that they studied.
Table 4
Triage model simulations for validation cohort
Number Complication, number (percentage) No complication, number (percentage)
Usual practice
Admitted to critical care 76 16 (21) 60 (79)
Admitted to floor 56 6 (11) 50 (89)
Any BLEED criteria
Admit to critical care 84 17 (20) 67 (80)
Admit to floor 46 5 (11) 41 (89)
Red blood or unstable comorbidity
Admit to critical care 66 16 (24) 50 (76)
Admit to floor 66 6 (9) 60 (91)
BLEED is an acronym for ongoing Bleeding in the emergency department (red blood per nasogastric tube, hematochezia, or red blood per 
rectum), Low systolic blood pressure, Elevated prothrombin time, Erratic mental status, and unstable comorbid Disease.Available online http://ccforum.com/content/12/2/R57
Page 7 of 8
(page number not for citation purposes)
Another limitation is that complications in patients without evi-
dence of ongoing bleeding may have been prevented by being
admitted to the ICU rather than the floor. However, patients
admitted to the ICU who did not have persistent shock
received the same medications and interventions as similar
patients admitted to the floor, with the exception of more
intense monitoring in the ICU. Therefore, since the rate of
rebleeding was very low in these patients, the additional mon-
itoring was of little value considering the resources involved.
All patients had access to endoscopy within 24 hours of
admission and the only patients who received it emergently
were patients demonstrating evidence of ongoing bleeding, a
variable that would have resulted in ICU admission anyway.
Ultimately, a prospective before-and-after study, or ideally, a
randomized controlled trial would be necessary to confirm that
a triage model using these variables would effectively reduce
the use of critical care resources without compromising
patient outcome. These data provide support for the safety
and validity of such an intervention.
Conclusion
Patients presenting to the ED with symptoms of GIH who do
not have evidence of ongoing bleeding (hematemesis, red
blood per NG tube, or hematochezia) or unstable comorbidi-
ties are at low risk for recurrent bleeding and death. A triage
protocol based upon these variables may be able to reduce
the number of critical care admissions for these patients with-
out increasing the number of complications that occur on hos-
pital wards. The use of objective measures to guide
management of critical care beds can maximize the availability
of a scarce resource.
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admission.
￿  A triage protocol based upon these variables should be 
studied prospectively to determine whether it could 
reduce the number of critical care admissions for these 
patients without increasing the number of complications 
that occur on hospital wards.Critical Care    Vol 12 No 2    Das et al.
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